Over the last few decades, Europe has suffered from a number of severe flood events and, as a result, there has been a growing interest in probing alternative approaches to managing flood risk via prevention measures. A literature review reveals that, although in the last decades risk evaluation has been recognized as key element of risk management, and risk assessment methodologies (including risk analysis and evaluation) have been improved by including social, economic, cultural, historical and political conditions, the theoretical schemes are not yet applied in practice. One main reason for this shortcoming is that risk perception literature is mainly of universal and theoretical nature and cannot provide the necessary details to implement a comprehensive risk evaluation. This paper therefore aims to explore a procedure that allows the inclusion of stakeholders' perceptions of prevention measures in risk assessment. It proposes to adopt methods of risk communication (both one-way and two-way communication) in risk assessment with the final aim of making flood risk management more effective. The proposed procedure not only focuses on the effect of discursive risk communication on risk perception, and on achieving a shared assessment of the prevention alternatives, but also considers the effects of the communication process on perceived uncertainties, accepted risk levels, and trust in the managing institutions.
Introduction
Since the earliest recorded civilisations, such as those in Mesopotamia and Egypt that developed in the fertile riparian areas of the Tigris, Euphrates and Nile rivers, humans have tended to settle on floodplains because they offer favourable conditions for economic development (Vis et al., 2003; Di Baldassarre et al., 2010) . It is estimated that almost one billion people: the majority of them the world's poorest inhabitants, currently live in flood-prone areas (UNESCO, 2004) . As a result, flooding causes about half of all deaths from climate-related disasters (Ohl and Tapsell, 2000) . Moreover, economic damages and fatalities caused by floods are increasing in many parts of the world: largely due to continuous population growth along floodplains, changes in land use, and changes in climate, with specific concern relating to sea level rise (Milly et al., 2002; Di Baldassarre et al., 2010) .
As a result, the number of proposed risk-based methodologies addressing this issue has increased in the last decades (Cirella et al., 2013) and have been improved by including the relationships between risk analysis, risk evaluation, and risk management (BUWAL, 1999; Hollenstein, 1997; Kienholz, 1998) . In this context, risk analysis consists of the identification of danger, the analysis of relevant processes, and the estimation of potential damage or loss and its consequences (Kienholz, 1994) . Risk evaluation is a "qualitative or quantitative characterization of damage with regard to its likelihood and extent" (as translated from Hollenstein, 1997) and in terms of its acceptability (Analysis, 2005) , and its results must be seen in the context of social, economic, cultural, historical and political conditions. Risk management comprises all the preventive measures for reducing, controlling and regulating natural risks (Blöchl and Braun, 2005) .
In the existing risk assessment (i.e. risk analysis and evaluation) and management approaches, the most widely used calculation to express risk is a function of hazard, vulnerability and exposure (Crichton, 1999) . Usually, however, experts have become specialised on technical aspects (e.g. hydrological modelling for hazard assessment), while there are few experts who adopt comprehensive approaches that integrate environmental, social and economic perspectives (Cirella et al., 2013) . Moreover, most approaches have a strongly theoretical background and are rarely applied in practice (Blöchl and Braun, 2005) . Although some innovative risk-based approaches that integrate risk evaluation and management exist (e.g. Ashley and Blanksby, 2007) , the most widely applied is the traditional approach: referred to as flood defence, in which a number of serious limitations exist (Merz et al., 2010) . For instance, the practice of raising the heights of river levees, dikes or embankments has increased during the last two centuries and rivers have become increasingly controlled, which has reduced the probability of flooding in many regions. However, the downside to raising such barriers to protect flood-prone areas is that damage is often increased if failure occurs (Vis et al., 2003) because of increased development in areas that are perceived to be safe. The so-called "levee effect" is the perception by floodplain inhabitants that all flood risks have been eliminated once the barrier-like levee is raised (Burton and Cutter, 2008) . Given that risk can be defined as a combination of the probability of flooding and its potential adverse consequences (Helm, 1996) , raising the levee systems reduces the flooding probability, but the potential adverse consequences (flood damage) might significantly increase. This clearly indicates that, by including proper socio-economic considerations within the flood assessment process, one might end up with the paradox that flood risk actually increases as a result of strengthening flood defence structures. Ludy and Kondolf (2012) exemplified this discrepancy when they surveyed Californian residents who were living in areas behind levees that were certified as being protected up to a 100-yr flood event, in order to assess their awareness of the risk of flooding. The survey indicated that these residents were not aware of the residual risk of being flooded, and thus perceived themselves to be safe, despite their relatively high level of education (Ludy and Kondolf, 2011) .
Hence, it is reasonable that flood risk assessment should not merely be a scientific activity but a socio-and economicoriented approach that takes the social dimension of flood risk (Schmidt-Thomé et al., 2006) , and, in particular, the stakeholders' risk perception, into account (Plattner et al., 2006a) . Here, we do not understand risk perception in a narrow sense as the "intuitive judgement of individuals and groups of risks" (Slovic, 2000) , but in a wider sense as the perception of the risk problem, including its causes, the possible mitigation strategies of the risk, and the related consequences (e.g. Jurt Vicuña Muñoz, 2009; Lane et al., 2011) .
A literature review on state-of-the-art methods for evaluating risk perception highlighted that the existing risk perception approaches have a strong theoretical nature, that very few exceptions are available that are aimed at forecasting stakeholders' risk assessment (e.g. Plattner et al., 2006b) , and that these focus on the perception of risks rather than the perception of risk prevention measures. From this review, we concluded that a new procedure to (semi-) quantitatively include stakeholders' perception of risk prevention measures into a risk assessment methodology based on risk communication is needed so that the gap between theory and practice in flood risk management can be bridged. It is based on coupling two possible ways of communicating with stakeholders: interviews or surveys, and participation. Both have their strengths and weaknesses (Fiorino, 1990; Buchecker et al., 2010; Parkins, 2010 ), but we argue that combining the two allows the reduction of biases in the assessment.
This procedure was developed in the frame of the EU FP7 project KULTURisk (Knowledge-based approach to develop a culture of risk prevention) with the aim of integrating stakeholders' risk perception into a risk-based methodology that evaluates the benefits of prevention measures for water related disasters. In this context, risk prevention is defined as the objective of reducing risk to an acceptable level by lessening the potential adverse impacts of natural hazards through actions taken in advance. Thus, risk prevention measures include all the initiatives (i.e. early warning systems, structural and non-structural measures) taken before the occurrence of natural disasters that aim to avoid the unacceptable risk.
A conceptual framework and a risk-based methodology to address water related hazards by integrating environmental, social and economic components are currently under development within KULTURisk. Their structure foresees the risk perception component under a paradigm of adaptive capacity, in which society adapts to the changing environment by earning and storing knowledge and experience (Berkes et al., 2003) . This paper focuses on presenting the procedure for including the evaluation of stakeholders' perception of prevention measures against natural hazards within the risk assessment methodology, to create a tool that enables implementation of the comprehensive risk assessment approaches in practice.
Accordingly, a state of the art review of the existing approaches of evaluating risk perception and its dimensions is presented in Sect. 2. Based on the results of the review, a proposal of how to evaluate stakeholders' risk perception of water related hazards has been formulated and presented in Sect. 3. An illustrative example of the proposed risk communication procedure, through a participatory flood prevention assessment process in the Sihl River within the Zurich (Switzerland) area, is described in Sects. 4 and 5. Finally, conclusions are drawn and future developments are highlighted in Sect. 6. The importance of developing a procedure to integrate risk perception into risk assessment for an effective and socially accepted risk management application is clearly evident (Renn, 1998; Pidgeon, 1998) . The first authors to realize the importance of including the human component in natural hazards research date back to the 1940s (White, 1945) . In the following decades, geographical natural hazards research described natural hazards as extreme events that produce negative effects when interacting with social systems (Parker and Harding, 1979) . Geographical natural hazard research defines risk as the product of external risk (hazard), social vulnerability and resilience (Birkmann et al., 2013) , which underlines the notion that natural hazards cannot exist without some form of human adjustment to them.
Nat
In the last decades, the methodology for the analysis and evaluation of natural risks has been improved by including the relationships between risk analysis, risk evaluation and risk management (BUWAL, 1999; Hollenstein, 1997; Kienholz, 1998) . Further improvement has been achieved by referring to more comprehensive frameworks, such as the PLANAT (Swiss National Platform for Natural Hazards) risk management cycle (see www.planat.ch), which is composed of five elements: risk identification, risk analysis, risk appraisal, risk reduction and management of residual risks (Merz and Emmermann, 2006; Petrow et al., 2006) . Most approaches have a strongly theoretical background but practical applications are needed (Blöchl and Braun, 2005) . Höppner et al. (2012) pointed out that, although both improved risk communication and the building of social capacities have been advocated as vital ways to increase societies' resilience towards natural hazards, a gap exists between theory and practice. Although some innovative risk assessment methodologies (that include risk analysis and evaluation) exist (e.g. Merz et al., 2010) , they are rarely applied in risk management practice (Höppner et al., 2012) .
As a consequence, the most widely applied management strategy is the traditional flood defense approach ("fighting floods"), which, according to current European strategies, is to be replaced by the integrated flood management ("living with floods") strategy (Merz et al., 2010) , which aims at minimizing the human, economic and ecological losses from extreme floods while maximizing the social, economic and ecological benefits of ordinary floods (Di Baldassarre and Uhlenbrook, 2012) .
To bridge the gap between theory and practice in risk assessment and management, accepted non-structural prevention measures need to be considered and introduced, which in turn requires integration of stakeholders' perception of these measures into the risk assessment. Before suggesting a procedure to achieve this requirement, we will briefly review the literature to consider the potential of existing approaches to quantifying the perception and acceptance of prevention measures.
Approaches for risk perception evaluation
According to the 1992 UK Royal Society report on "Risk: Analysis, Perception and Management", risk perception includes "people's beliefs, attitudes, judgments and feelings, as well as the wider cultural and social dispositions they adopt towards threats to things that we value" (Pidgeon et al., 1992) . This social science definition can be broadened, since it is a wide range of characteristics of hazards (such as perceived causes of the risk and consequences of mitigation measures for people's livelihood) rather than just an abstract expression of uncertainty and loss, that people appear to be concerned with when forming perceptions (Pidgeon, 1998) . Recent research indicates that the perceived benefits of mitigation measures also need to be considered in risk perception research (Bubeck et al., 2012) .
In the scientific literature, risk perception research has investigated a wide range of hazardous events that mainly consist of technical (e.g. nuclear power plants), environmental (e.g. air pollution) and natural (e.g. floods, landslides and earthquake) hazards (Ho et al., 2008) . We have analyzed the state of research based on keyword searches in databases of ISI-articles (Web of Science) and books (e.g. NEBIS).
Until recently, risk perception research has been dominated by two fundamentally diverging approaches: the psychometric approach that is based on a positivist research tradition, and the cultural theory approach that considers risk as a societal construction (Pidgeon, 1998; Sjöberg, 2000; Tansey, 2004) . In the last decade, the somewhat intermediary concept of the mental model has increasingly been used to understand lay people's conceptions of risk problems and as a basis to inform risk communication (Morgan et al., 2001) .
The psychometric approach was launched in 1978 by Fischoff et al. (1978) . The empirical work reported in that paper was then extended in several other studies (Rohrmann, 1995) . Psychometric work on risk perception utilizes the methodologies of attitude research: typically to elicit people's expressed risk evaluation and preferences for a range of hazards (Pidgeon, 1998) . The findings show that people's judgements of risk and its acceptability are related systematically to qualitative characteristics of hazards, such as their judged controllability, voluntariness, dread, degree of organized safety, catastrophic potential, equity, and familiarity (Fischoff et al., 1978) . These factors can be classified into two main groups: the first is the "dread" of the risk (how uncontrollable, catastrophic, dangerous and involuntary) and the second is the "knowledge" of the risk (how chronic, unknown, delayed, and new) that the exposed people have. Therefore, as Slovic (1999) argued, risk assessment is actually subjective and represents a blending of science and personal judgment based on important psychological, social, cultural, and political factors. These factors not only influence the risk perception of laypersons, but also of "experts", whose judgements of risk are based on models and formulas, but are also influenced by emotions (Slovic, 1999) . One of the main outcomes of psychometric studies (e.g. Griesmeyer, 1982; Geiger, 1993; Marris et al., 1997; Jasanoff, 1998; Belzer, 2001; Skjong and Wentworth, 2001; Siegrist et al., 2006) was the identification of a marked difference in risk perception not only between "experts" and "laypersons" but also of a strong inter-individual variation. This difference is said to be related to the various kind of dimensions used in risk evaluation and to the priorities that are associated with these dimensions.
In contrast to these universal and individual-focused findings based on the psychometric approach, other research has been based on more constructivist approaches Stallen, 1980, 1981; Otway and von Winterfeldt, 1982) and provides some indication that risk perception is affected not only by the damage (e.g. the estimation of numbers of fatalities), but also by qualitative understandings or meanings associated with hazards. These understandings are correlated within the specific context, determined by its values, politics and culture (Wildavsky and Dake, 1990; Dake, 1991; Douglas, 1992) . Specifically, the cultural theory approach, which was mainly adopted in anthropology, examines cultural categories that act as basis for the individuals' construction of risks as a means of maintaining cultural borders (Jurt Vicuña Muñoz, 2009 ). According to this approach, risk perception was linked to stakeholders' relationship with responsible institutions rather than to physical processes.
More recently, the concept of the mental model has been adopted in risk perception studies. This concept is based on the assumption that individuals construct and further develop their model of reality based on direct experience and available information (von Glasersfeld, 1993; Biggs et al., 2011) , by changing the existing model in their mind or by rejecting the information. Accordingly, individual cognitions of environmental systems can differ considerably: even under conditions of similar availability of information, as confirmed by a number of empirical studies on mental models of technical risks (Cousin and Siegrist, 2010) and environmental risks (Leighton and Bisanz, 2003) .
In the last years, several studies have investigated risk perception using more constructivist concepts of the mental model (Natan, 2008) . Kolkman et al. (2007) suggested that people's (laypeople as well as experts) mental models of risks are shaped on the one hand by information available to them and on the other hand by their position, that is the result of their personal, social or institutional background. According to this approach, risk perception is considerably shaped by interests of stakeholder groups.
The relevance of group characteristics is also emphasized by research on individual risk behavior. According to the influential Protection Motivation Theory, formulated by Rogers (1975) , individual behavior of taking precautions depends on the one hand on the perceived severity of a threatening event and the efficacy of the recommended preventive behavior, and on the other hand on the socially distinctive factors of the perceived vulnerability and the perceived selfefficacy.
Research based on communication theory furthermore highlights the significant impact on risk perception by the media. The complex messages of the media about risks and hazards are expected to influence the attitudes of public opinion and to amplify some risks and attenuate others (Kasperson, 1988; Rohrmann, 1999) . Further research by Boholm (1998) and Lévy-Leboyer et al. (1996) indicates that the influence of the media differs considerably among nations: this variation varies from the type of information as well as the manner in which news is presented and evaluated.
Summarizing the findings of this review on risk perception literature, we have discovered a high variety of approaches of conceiving risk perception and a wide range of potential influence factors. Most of the literature is, however, of either theoretical or universal nature and does not provide clear indications as to how to quantify risk perception or, more precisely, on the perception of prevention measures. In this context two exceptions can be mentioned that offer the potential to forecast stakeholders' risk assessment: the Modern Portfolio Theory (MPT) and the research carried out by Plattner et al. (2006b) on Perception Affecting Factors. These approaches will be briefly described in the following paragraphs.
Modern Portfolio Theory (MTP)
MPT is a notion developed in the 1950s through to the early 1970s by Harry Markowitz (Elton and Grumer, 1997) . In light of this theory, individuals make decisions about a particular portfolio (defined as a combination of assets), based on the expected levels of risk and benefits, and investigate tradeoffs between risks and expected return of investment. In general, MPT asserts that assets with higher expected returns are riskier. It explains how to select a portfolio with the highest expected return for a given amount of risk, or the lowest risk for a given expected return, and to select a portfolio with the lowest possible risk by carefully choosing the proportions of various assets. MPT describes how to find the best possible diversification strategy, based on different types of assets. A collection of different assets can for example have lower overall risk than the sum of the individual risks. Following this theory, an individual tends to choose to take a higher risk if the reward is higher. In this context, risk perception determines whether the individuals are "risk adverse" or "risk takers". It therefore determines the preferences of a scenario in which risk is minimized resulting in a lower benefit versus a scenario in which risks are higher leading to a higher benefit.
From the literature review, we found a promising attempt to implement MPT in the context of natural hazards. The first application of MPT to flood risk management was conducted by Aerts et al. (2008) and explored how MPT can contribute to operationalizing the concept of adaptive water management for developing flood management strategies in the Netherlands. Specifically, the paper presents a numerical example of how to develop portfolios of flood management activities that generates the highest return under an acceptable risk for an area in the central part of the Netherlands. In this example, the investment costs of the different assets are neglected, and the authors suggest that the application of MPT to cost-benefit analysis for flood management would involve a straightforward computation of expected social surplus over the sets of flood management alternatives. The authors conclude that, with many assumptions, it can be stated that MPT encourages a systematic discussion of the relationship between the return and risk of individual activities and the return and risk of complete portfolios. Therefore, MPT could be a valuable tool for learning and re-evaluating portfolios once more information about flooding and their probabilities becomes available. Therefore, this work seems to offer a promising development in terms of identifying optimal and, if considered on the level of stakeholder groups, also best accepted risk prevention strategies in the near future. However, since it is beyond the scope of this paper to develop an economic analysis of flood impacts (this task is currently under development in KULTURisk), the procedure presented in Sect. 3 will not make use of Modern Portfolio or Modern Disaster Theories.
Plattner's Perception Affecting Factors (PAF)
The research carried out by Plattner et al. (2006b) aimed at quantifying risk perception based on an expressed preferences approach (e.g. Fischhoff et al., 1978) . The objective of this work was to propose a methodology to quantify individual risk perception and evaluation. The proposed model integrates the effective individual risk and a weighted mean of relevant Perception Affecting Factors (PAF). This study is based on the hypothesis that different individuals and social groups (distinguished according to shared values, beliefs and educational background) attribute different weights to different PAF. Hence, following Plattner and colleagues, the perceived risk can be quantified as being a function of the effective individual risk, PAF, and the corresponding calculated weights. The selection of the relevant PAF was carried out through an analysis of the psychometric risk perception literature and the compiled list of mentioned risk dimensions. Examples of these dimensions are: the perceived likelihood of dying from the hazard; the perceived degree of scientific knowledge about the risk; knowledge of the risk by those exposed; emotion of fear evoked by the risk; the possibilities of influencing the risk; the perceived recurrence frequency; the predictability of the event; the expected future increase or decrease of the risk in terms of event frequency; and the intensity of impacts on society. From this list, the most relevant risk dimensions were selected via a Delphi method. The resulting short list was compared with the findings from the recent literature and, in a final step, discussed in a workshop with eighteen risk perception experts. Moreover, in order to quantify the weighting of the PAF representing their specific impact, an Analytical Hierarchical Process (AHP, Saaty, 2001 ) was conducted during that workhop. This list of PAF and their weight was tested through a plausibility check, by applying them to a constructed case study. Finally, the methodology was validated based on empirical data of a survey that recorded the populations' risk perception in six regions in Germany (Plapp, 2004) . The respondents were asked to judge each of three hazards: storm, flood and earthquake, regarding their individual perceived risk and regarding nine risk dimensions that were based on (mainly psychometric) research literature (e.g. Brun, 1992; Karger and Wiedemann, 1998) . The analysis confirmed a realistic selection by experts of the PAF and plausible orders of magnitude for calculated perceived risk.
With his research approach, Plattner managed to integrate qualitative and quantitative assessments. Once the aspects have been determined, the assigned numerical values, with their associated weights, are formulated. This analysis allows not only a ranking of the PAF, but also an assessment of their magnitude that should be taken into consideration in decision-making processes.
Both MPT and PAF approaches allow for a forecast of stakeholders' risk assessment, but they are both highly individualistic and non-contextual since they do not consider the socio-cultural context of risk perception. Furthermore, they focus too narrowly on risk awareness rather than on the perception of risk prevention strategies. Bubeck et al. (2012) have, however, demonstrated that stakeholders' risk awareness was only weakly related to their attitude towards prevention measures. Moreover, Jurt Vicuña Muñoz (2009) has shown that stakeholders perceive and assess risks mainly in terms of their consequences for their livelihoods, and these consequences are predominantly related to the prevention measures rather than to the risks. Only first explorative studies, however, have so far examined stakeholders' perceptions of risk prevention measures. This risk aspect is always related to the social and economic context and thus cannot be answered with "laboratory research". Accordingly, in order to incorporate the social aspects of the context into risk assessment, the inclusion of risk communication (both one-way, such as local surveys or interviews, and two-way communication) seems to be a promising option (American Society of Civil Engineers, 2007; Höppner et al., 2012) . Both approaches have been tested in the first studies on the perception of risk prevention measures, with some recording individual and group perceptions (e.g. Jurt Vicuña Muñoz, 2009, Bowman and White, 2012) , whereas others focused on the change of stakeholders' perceptions through participatory 
CONSULTATION PROCESS (INTERVIEWS, SURVEYS)
PROs CONs -more complete and detailed information from each person and sounder explained responses are collected -the respondent is likely to feel freer to express his/her opinion -it is easier to include a larger proportion of the population -the surveys or interviews can be repeated and used for an "objective" evaluation of the process -the power relations among different stakeholders is not reflected as well as discussions -no learning process is taking place -lack of confrontation among stakeholders about specific problems -stakeholder consensus is not included in a particular land or risk management decision
PARTICIPATORY INVOLVEMENT PROCESSES PROs CONs
-social interaction encourages the achievement of stakeholder consensus in a risk management decision -higher level of stakeholder engagement, by giving participants the opportunity to communicate their views and judgments to the other participants as well as learn from them -participants can approach the problem in a more integrated way by encouraging exchange of positions and considering issues in relation to the common good rather than individual interest -opportunity to follow up with group dynamics in which evolving discusses play a key role -participants can be challenged by others more profoundly than in semi-structured interviews -local stakeholders are empowered in land and risk decisions -stakeholders are actively involved, working hand-in-hand with land use planners and policy makers -realistic expectations are created via a networking of building trust and enhancing commitment -facilitates the satisfaction of their needs and acceptance of decision-based planning -researchers and planners access to local expertise and knowledge -tendency to avoid conflicts -it is difficult to engage stakeholders in active participation -the number of participants is limited processes (Howgate and Kenyon, 2009; Posthumus et al., 2008) , while both mainly used qualitative methods. In the following paragraph the importance, and the potential role of risk communication in risk management will be briefly described, while in Sect. 3, the KULTURisk proposal on how to capture risk perception through risk communication approaches to make flood risk management more effective, will be presented.
Risk communication approaches
Risk communication is becoming an increasingly important activity in response to the changing nature of risk governance because it must serve multiple purposes and functions: from the framing or assessment of the risk situation to the implementation and evaluation of measures (Renn, 2005; Höppner et al., 2012) . Furthermore, risk communication is moving beyond the one-way provision of information and the building of trust in risk-managing bodies towards a two-way exchange of knowledge and views with stakeholders (Höpp-ner et al., 2012) . In the sociological, normative, and management literature, the importance of stakeholder involvement has been widely discussed: both in a general framework (Stirling, 2005; Blok, 2007) and in particular within the context of risk management. In the latter case, stakeholders' participation has been considered to be an essential aspect to be included in the institutional and normative processes linked with risk management (Felt and Wynne, 2007) . It takes into account the relationship between engagement, trust and riskbased decision-making (Petts, 2008) , and explores how to improve the dialogue between science and policy (Wynne, 2006) . These aspects emerge from the EU Floods Directive (EC, 2007) to enhance local preparedness, and highlight the importance of applying an integrated risk management approach when implementing flood management plans while taking stakeholder views and preferences into account. Two strategies exist for accessing stakeholder perceptions of risk: by consulting individual stakeholders via questionnaires, surveys or interviews (one-way communication), and by involving the stakeholders directly in the risk assessment process, which is often via group-selected assessment (two-way dialogue) (Höppner et al., 2012) . These two approaches differ in several aspects and reflect different levels of stakeholder participation and empowerment of stakeholders within the decision-making process. As described in Table 1, both have advantages and limitations (Fiorino, 1990; Hophenmayer-Tokich and Krozer, 2008) and offer opportunities for them to be combined during stakeholder involvement.
One of the positive aspects of surveying and interviewing is the exceptional strategic effectiveness of acquisition of information concerning attitudes of individual stakeholders. By encouraging more complete and better explained responses, these strategies allow direct feedback from the respondent and give the interviewer the opportunity to gain more detailed information from each person. Moreover, through the interview, the respondent is likely to feel freer to express his or her opinion, mainly due to the lack of social control (Buchecker et al., 2010) . Furthermore, the direct contact offers the opportunity to clarify questions, which in turn results in more detail and accuracy of data. Finally, surveys have the advantage that it is easier to include a larger proportion of the population and to assess more of it in detail. This form of communication allows the participants to bring in their values and viewpoints, but also their local knowledge (Hophenmayer-Tokich and Krozer, 2008) . Thus, this approach can contribute to improving or adapting preventive strategies. Nonetheless, interviews still have some major drawbacks, with the main reason being that they do not reflect the power relationships among different stakeholders and they do not allow discussions and confrontation about specific problem issues. This can be a considerable limitation if the main objective of stakeholder involvement is the achievement of stakeholder consensus in a particular land or risk management decision (e.g. in the selection of the most suitable management measure to be adopted).
The involvement of stakeholders through a participatory process allows a higher level of stakeholder engagement, by giving participants the opportunity to communicate their views and judgments to the other participants, as well as learn from them. Participatory processes also enable participants to approach the problem in a more integrated way by encouraging exchanges of positions and considering issues in relation to the common good rather than individual interest. Additionally, participatory stakeholder involvement offers the opportunity to follow up with group dynamics in which evolving discussions play a key role. A core aspect of this approach is the way participants react to each other's responses and express their opinion: often as a reaction to what other participants have expressed. Hence, through participatory stakeholder involvement, participants can be challenged by others more profoundly than in semi-structured interviews. On the other hand, in participatory stakeholder involvement there is a tendency to avoid conflicts, in particular in cases where there is a certain familiarity and interdependence among the stakeholders (Parkins, 2010) . Another shortcoming might be the limited number of participants that can be involved in participatory processes, and the limited availability of participants during the process that may have implications on the outcomes.
This school of thinking reflects that participation has stronger effects than surveys and interviews in empowering local stakeholders in land and risk decisions (HophenmayerTokich and Krozer, 2008) . The participatory approach allows the active involvement of stakeholders to work hand-in-hand with land use planners and policy makers alike. Even though it is more difficult to engage stakeholders in active participation, the social effects are more comprehensive. It encourages stakeholder participation and creates realistic expectations via a networking of building trust. Involving stakeholders in the decision-making process facilitates the satisfaction of their needs (Wates, 1985; Sanoff, 1990; Towers, 1995; Al-Kodmany, 1999) ; moreover, active participation increases acceptance of decision-based planning (Luz, 2000 , Bryner, 2001 ) and allows researchers and planners to access local expertise and knowledge (Roe, 2000) , which, in turn, facilitates better decision-making all around. The main advantage of both approaches is that stakeholders' involvement is confirmed in the decision-making process through the collection of stakeholders preferences and the evaluation of their perception of risk. Both approaches, however, have their considerable weaknesses, and to overcome them, we suggest combining the two approaches. 
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Proposed KULTURisk communication procedure to estimate risk perception
As anticipated in Sect. 2, the development of a proposal within KULTURisk on how to capture risk perception to make flood risk management more effective was centered on the adoption of risk communication approaches. Specifically, a risk communication procedure combining both one-way and two-way approaches (presented and discussed in Sect. 2.3), was developed. As depicted in Fig. 1 , it is structured according to the following three steps:
1. a pre-survey: to design the process and to collect information on the ex ante situation;
2. a participatory assessment of risk prevention alternatives;
3. a post-survey: to collect individual perception of risk prevention alternatives and information on the ex post situation. This is operationalized by handing out largely identical standardized questionnaires to the members of a stakeholders group: two or three weeks before and immediately after the participatory assessment (steps 1 and 3). The standardized questionnaire includes key items specific to stakeholders' knowledge regarding their assessments of risk prevention strategies, their trust in the authorities and experts, and their risk acceptance in terms of floods in the area of concern.
Between step 1 and 3, a participatory assessment is performed (step 2). In step 2, expert groups discuss their findings with a stakeholder group on the costs and benefits of possible prevention alternatives. Then, the stakeholder group has the task of assessing prevention alternatives (e.g. extending dikes) according to given criteria (e.g. protection effect, side effects for nature, agriculture, life quality and infrastructure, costs).
The proposed procedure offers not just the opportunity to combine the advantages of the consultative and the participatory approaches as described above, but the pre-survey can serve as a basis to optimally design the participatory process; the post-survey can serve as a tool to validate the outcome of the participatory process; and the repeated measurement (pre-and post-survey) is a method to record the dynamics of stakeholders' risk perception influenced by discursive risk communication and can serve to perform an evaluation of the process in order to learn from and improve it according to the concept of adaptive management (Cundill and Rodela, 2012) .
The information gained in the pre-survey can, in particular, help to select the participants to be involved in the participatory process, to define the relevant criteria for evaluating the alternatives, to identify the conflicting issues, and to use that as a base to design the procedure of the participatory process (e.g. discussions in the plenum or in small groups).
The validation of the participatory process is mainly based on the comparison between the aggregated individual assessments of these prevention alternatives by the post-survey respondents and on the prioritization of the prevention alternatives as the outcome of the participatory process.
The process evaluation based on the comparison between the pre-and the post-survey does not only focus on the effect of discursive risk communication on risk perception, and on achieving a shared assessment of the prevention alternatives, but also considers the effects of the communication process on perceived uncertainties, accepted risk levels, and trust in the managing institutions.
The presented KULTURisk risk communication procedure was inspired, reflected, and further developed based on the evaluation of a participatory flood risk prevention assessment carried out on the Sihl River (Zurich, Switzerland). The participatory process and its evaluation were not conducted to test our procedure. This combined assessment exercise came about from a spontaneous collaboration between research and practice, and this experience formed a basis to further develop our idea. Accordingly, not all details of our case study correspond with the suggested procedure, such as the selection of the participants or the function of the pre-survey to inform the design of the participatory process. However, this assessment exercise allowed us to learn from the practice and to refine our proposal accordingly. The case of the participatory assessment of the Sihl River flood prevention is described and discussed in the following Sects. 4 and 5, as an illustrative example of the suggested procedure. 
Participatory Sihl River flood prevention assessment

The study area
The Sihl River is a pre-alpine river with a catchment area of 336 km 2 that flows into Zurich, Switzerland and into the Limmat River (Fig. 2) . Since 1938, the river discharge of the Sihl has been influenced by the presence of a reservoir located in the upper part of the river basin, namely the Sihl Barrier Lake, which is used for energy production. The Sihl River remains somewhat dangerous due to large parts of greater Zurich positioned alongside the alluvial cone of the river itself. During a flood event in 2005, the greater Zurich area barely escaped excessive damage by its inundations. It was simply due to fortune that the center of the rainfall was not within the drainage basin of the Sihl River.
Recent studies have revealed that the risk of a flood event occurring along the Sihl River is now slightly less than a HQ 100 yr event, although, if triggered, this could easily bring about damage that surmounts CHF 5 billion. So the river represents one of the main observed flood related risks in Switzerland. The severity and need for action in terms of improving flood prevention recognises the requirement of preaction planning and implementation strategies. Besides immediate protection measures, including establishing an early warning system and improving the emergency planning processes, the idea is to incorporate long-term flood prevention in the Sihl River basin. Within this area there is a flood prevention project, led by the Cantonal Office for Waste, Water, Energy and Air (AWEL), that is conducted in collaboration with the City of Zurich, the Swiss Federal Railway (SBB), the Sihl Valley Uetliberg Railway, the cantonal building insurance companies and the affected municipalities, cantons and cantonal departments. This comprehensive project is a study on the possible solutions for sustainable flood protection for the Sihl River. AWEL mandated three teams of planners to investigate three basic approaches for flood prevention: (1) a discharge tunnel into the Zurich Lake; (2) an extension of the discharge capacity of the Sihl Channel in Zurich; and (3) a retention approach based around the lowering of the Sihl Barrier Lake and on early warning systems. The process followed by the flood prevention project is depicted in Fig. 3 . A kick-off meeting was held in January 2011 with 46 participants, in which AWEL and the planning teams presented their solutions and informed the involved actors in detail about the general risk situation, the risk reduction potential, the necessary measures (associated with location, impacts and costs), and the remaining uncertainties. The elaborated solutions, or alternatives, were then assessed by an expert team with 6 members, and critically discussed and further developed in two additional workshops (held in June and September 2011) by an accompanying group (with 24 members) who represented a wider range of stakeholders (see Tables 2 and 3 for the list of participants and Fig. 4 for the organogram). Even though the accompanying group was mainly composed of governmental stakeholders, it covered a variety of administrative units at local, cantonal and federal level (see Sect. 5.2), and each of the participants represented a distinct perspective according to their professional background and the predominant rationales in their administrative units. During the assessment process, the 35 suggested solutions within the framework of the three original approaches (discharge, bypass, retention) were first condensed to 5 solution variants in Workshop 1, and then recombined in Workshop 2 to produce the final solution concepts: an optimised discharge tunnel and an optimised Sihl Lake (Fig. 3) . Based on the results of this participatory assessment process, the Canton of Zurich will determine a strategy for a long-term flood prevention of the Sihl River that will serve as a basis for the political implementation of the prevention measures.
Evaluation of the participatory assessment process on the flood prevention
Two largely identical standardized questionnaires were handed out to the members of the stakeholder group immediately before and after the participatory assessment. The standardized questionnaire included key items specific to stakeholders' knowledge regarding:
-multi-criteria assessments of the discussed solution alternatives for the flood prevention of the area of concern;
-perception of the flood risk;
-trust in the authorities and experts;
-risk acceptance in terms of floods in the area of concern; -attitudes towards participatory flood management;
-assessed knowledge about the flood risk in the area of concern; and -assessment of the participatory process.
The pre-measurement questionnaire was sent by mail to the members of the assessment group and of the accompanying group (30 people) shortly before the first workshop so there was insufficient time to use the results to inform the design of the participatory process. The questionnaire was completed by 20 of the participants who received it. During the first and second workshops, the posters on group discussions were documented and some discussions were recorded. The postmeasurement questionnaire was given to the participants of the final event of the assessment process (8 December 2011, Fig. 3 ) and additionally sent by email to all members of the assessment group and accompanying group. It was returned by 27 participants. Due to the low sample size, a triangulation approach was applied to strengthen the validity of the results and to gain supplementary insights. Therefore, seven additional semistructured expert interviews were conducted with four members of the accompanying group, and one member from each of the planning teams. This approach was well suited for revealing underlying factors that influenced the participants' judgement. Since the responses to the standardized questionnaire indicated a high level of consensus among the participants, the interviews provided a source of information about the participants' detailed view, and how this view changed during the process.
Results and discussion
Assessment of the participatory process
Overall, the interviewees experienced the participatory process as an effective means of sustainable decision-making. Only one critical voice doubted that the broad involvement of stakeholders would result in a feasible solution. Others, who had been sceptical in this respect at the outset, lost their doubts during the process. All interviewees, and especially those who already had experience with involvement in participatory processes, highlighted the broadness of represented perspectives: even at an early stage of the decision-making. Some also experienced their involvement as personal enrichment. The following quotations illustrate how the participants assessed the participatory process:
RESPONDENT. In my view, the assessment process was special, because for the very first time I had the feeling that enormously broad participation was sought. Even peripheral fields were involved. 1 RESPONDENT. It was exiting to learn about other people's views that emerge from completely different perspectives. Just to listen to them. It is interesting to have an opportunity to get to the heart of what is interesting for others, to know where the shoe pinches. It is striking that -with one exception -all interviewees evaluated the process very positively: both in terms of the quality of the outcome and in terms of personal enrichment. This raises the question of how participants develop such positive perceptions during the process. Possibly, they are inhibited by being unwilling to express oppositional opinions due to group dynamics, or to avoid conflict. It might be a subject of future research to examine the effect of participatory processes on the likelihood of expressing critical opinions.
In summary, it can be stated that involvement positively affected the participants' commitment to the process and thus guarantees a high acceptance of its outcome.
Assessment of the variants
The original variant of the discharge tunnel essentially remained the same during the experimentation process, so that a comparison of the assessments, before and after the assessment process, can be considered to mainly reflect a change in stakeholders' perceptions of this variant. The original variant of the Sihl Lake retention, however, was considerably modified by adding the idea of additional energy production, so the change of its assessment expresses a combination of a changed perception of the main retention idea and any additional benefits resulting from increased energy production or river restoration potential.
The three main changes that occurred during the evaluation process (Table 4) include: (1) the mean values of participants' overall assessments of the discharge tunnel variant decreased in absolute and relative terms (ranking); (2) the mean values of participants' assessments of the discharge tunnel variant increased in terms of all of the detailed criteria; and (3) the overall standard deviation of the tunnel variant decreased from 1 in T1 to 0.85 in T2, which indicates a consensus building among the participants. Remarkably, the favoured energy variant only performed better than the Table 4 . Mean values of participants' assessments of the flood prevention variants of the Sihl according to 13 criteria before (N = 20) and after the assessment process (N = 25). Participants assessed the criteria on a 6-point scale (1 = "fully insufficient" to 6 = "very good"). discharge variant in terms of the cost-efficiency criteria. The additional energy benefits seem to be of high importance.
Assessment of the achieved consensus
In a domino effect, there seems to be an increased level of participant consensus in terms of the evaluation of the variants. Figure 5 illustrates the changes in the consensus among the participants that they perceived during the participatory process. Interestingly, the assessed consensus with the other members of the accompanying group and with AWEL, the leader of the flood prevention project, increased whereas consensus with the participants' own colleagues from their own institutions decreased. Consistent with these results is the belief that there were better alternatives than the options for which the discussion revealed a decreased consensus.
Expert interviews revealed how the process enhanced participants' consensus. With the exception of one interview partner who felt that he could not sufficiently bring his perspective into the assessment, all experts emphasized strong agreement with the resulting concepts. Getting into contact with participants with a different institutional and professional background opened up their minds to other perspectives and arguments: it especially provided the feeling that they could express their views as equals contributed to mutual understanding.
The exemplary quotation of one participant, which is in line with statements of other participants, illustrates how he became familiar with ideas that would have not been acceptable from the perspective of his institution:
RESPONDENT. The understanding for one or another variant that I would have -if I had not participated -maybe opposed, is now much, much better. So, now I can cotton on to variants -and I even can transport that to my organization, in which it was not considered a favourable variant. So, now (. . . ) we can support the remaining variants very well. I think it is really a main benefit of the process getting across the understanding, and the knowledge, and also having the opportunity to shape the decision-making process and accompany the process.
It turned out that the participants initially tended to define their role in the process primarily as a representative of their own institution and they felt obliged to bring in that institution's perspective. During the process, they developed a sense of contributing to the superior objective of finding an optimal solution for the flood protection of the Sihl River.
However, in cases of strong commitment to a participant's own institution, and an initially dismissive attitude to the process, consensus could not always be reached. As another interview indicated:
'!" '#" Figure 6 : Participants' risk perception before (T1) and after (T2) the participatory assessment process. RESPONDENT. Actually, for us, for our department, it was really clear which project is the right one (. . . ) Well, it is simply not thinkable to discharge the whole water through the city (laughing). But, of course, there are people concerned with environmental protection, and who knows what else. And they naturally think differently than real construction people, don't they?
Effects on risk perception
During the participatory assessment process, the perceived absolute flood risk (flood risk of the Sihl River) showed a slight increase while the perceived relative flood risk (top risk), as well as the need for action, marginally decreased (Fig. 6 ). This finding is possibly due to the euro crisis in that it may be assumed that the participants regard the need for action as less urgent, since the financial risk is more urgent than the flood risk. The level of flood risk awareness among the participants appeared to be already quite high at the stage before the participatory process. If these results would have been available at an earlier stage of the preparation of the participatory process, a possible feedback to the organisers could have been that the need for flood prevention was not a disputed issue and that therefore only little time in the workshop should have been dedicated to informing participants about the flood risk.
Much stronger effects could be observed in terms of participants' risk acceptance (Fig. 6 ) than in terms of risk perception. Consistent with the general discourse during the participatory assessment process; namely that potential damages within the greater Zurich area could drastically outweigh the prevention costs, participants' risk acceptance generally decreased. The only exception appeared to be the (increased) risk acceptance of uncontrolled overload, which is the case when a flood event goes beyond the capacities of the protection system.
Effects on trust in the risk management
In spite of the very positively evaluated quality of the participatory assessment process, trust in the cantonal expertise of AWEL was found to be high, and participants showed a high level of confidence in the AWEL's level of know-how. This illustrates the perceived quality of AWEL's flood risk communication (Fig. 7) and management competency in both risk management and floods.
The effect on trust in participatory risk management was confirmed by the expert interviews of which most evaluated the work of AWEL positively, and primarily the organisation of the process. Participants valued the consequent participatory approach at an early stage, the broad realm of expertise involved, and the effective organisation. Those participants who had already had experience with similar processes especially appreciated the quality of the organization.
RESPONDENT. I positively took note of how concentrated and well lead the process was. The risk of participation is that anybody can say anything without coordination and leadership. (. . . ) Well, that is -there was an effective learning process, and that is what I really accredit to the circle around [the project leader] who had accompanied the [other process], knew it, and had drawn the right lessons from it. 3 It is clear that AWEL's track record and ability to uphold a confident public perception of its aptitude within the region has put it at the forefront of coping with flood risk along the Sihl River. The participatory assessment process appears to have improved the perceived quality of the collaboration between the Canton and the City of Zurich.
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H!" H#" Figure 7 : Effects on trust in the risk management before (T1) and after (T2) the participatory assessment process Fig. 7 . Effects on trust in the risk management before (T1) and after (T2) the participatory assessment process.
Limitations of the participatory flood assessment process and evaluation
Most of the findings were not significant due to the low sample size and the even smaller number of respondents who participated in both surveys. However, the systematic trends of the survey results, together with the findings based on the interviews, are strong indicators that the participatory assessment process was successful in terms of consensus and trust building. In the overall evaluation of the process, participants expressed high levels of contentment with the outcome. They considered it to be worthwhile, both in terms of quality enhancement and in the relationship between effort and benefit. Most participants felt that they could bring in their own view and also revised their own perspective during the participatory process (Fig. 8) .
Most interview partners agreed that this form of participation is exemplary for similar kinds of decision-making processes, such as for large projects with a wide scope of affected stakeholders. Otherwise the effort and expense would not be justified.
RESPONDENT. Of course, the effort needs to correspond to the scope of the project, or let's say the consequences of the project. (. . . ) And then, the limitations, you have to regard that it won't get out of hand, don't you? That it is seized and structured clearly. (. . . ) Another limitation is also -probably you can absorb a lot, but never cover all the arguments, ideas, opponents or alternatives. (. . . ) Participation does not automatically help prevent objection. It is very likely that it reduces the probability of objections occurring and political opposition (. . . ) but it does not eliminate it, does it? One must not have that illusion. 4 4 Engineer of a private company; Berne, 9 February 2012.
Conclusions and further developments
This paper aimed at providing an overview of the existing strategies to evaluate risk perception and at proposing a procedure to include risk perception in a risk assessment methodology for evaluating the benefits of water-related risk prevention.
A state of the art review on methods and approaches to evaluating risk perception and its dimensions (Sect. 2) allowed us to highlight that a gap between theory and practice in risk assessment and management exists. To bridge this gap, the findings of risk perception literature, being mainly of a theoretical nature, cannot provide sufficient detail to implement a comprehensive risk evaluation. In this context, two exceptions were mentioned: Modern Portfolio Theory (MPT) and its adaptation to natural hazards, namely Modern Disaster Theory; and the research carried out by Plattner et al. (2006b) on Perception Affecting Factors. Both MPT and PAF approaches allow a forecast of stakeholders' risk assessment, but they are highly individualistic and non-contextual because they do not consider the socio-cultural context of risk perception.
To incorporate the social aspects of the context into risk assessment, the inclusion of risk communication (both oneway and two-ways communication) is proposed in the KULTURisk risk communication procedure (Sect. 3) with the final aim of identifying the optimal risk prevention strategy, increasing the acceptance of the selected prevention measures, and thus making flood risk management more effective. The proposed procedure provides a practical suggestion for risk evaluation (as intended by Renn, 1998) which so far has not been implemented into practice. Moreover, its structure, composed of three steps, allows us to combine the risk assessment process with the evaluation of the process itself, which Höppner et al. (2012) point out is hardly ever achieved. An illustrative example of the proposed procedure (Sects. 4 and 5) allowed us to learn from the practice. The suggested procedure performed well in the Sihl River case study, and survey data contributed additional information for a better understanding of the participatory assessment process. It became clearer that the additional benefit of energy production was the key criterion, rather than flood protection characteristics, which made the participants prefer the combined lake retention alternative to the tunnel discharge alternative. However, it turned out that for future applications some adaptations of the procedure are needed.
In particular the one-way communication approaches (steps 1 and 3) need to be better integrated into the participatory process so that they can better fulfill their function and provide more reliable data. The first survey should be more explicitly announced as an input for the first workshop, which might also increase the participants' willingness to respond to it. Alternatively, the first survey could be conducted before the first information on the flood prevention alternatives is communicated so that the participants' problem perception could be better addressed in the participatory assessment process (Kolkman et al., 2007) . The second survey should also be better integrated in the process and may be conducted as a final part of the synthesis workshop so that facilitators could ensure that all participants complete the questionnaire. Generally, more efforts are needed, in particular from the side of the organisers, to convince the participants of the added value of the two surveys for the whole process.
The one-way communication (steps 1 and 3) might be also conducted in the form of qualitative interviews and, if the number of participants is smaller than 20, this procedure should be selected as the main form of participant consultation. In this case, the sample of the repeated interviews should include members of all of the main stakeholder groups. Future scientific evaluations of such participatory assessment processes may furthermore include a control group of participants who only attend the information or synthesis workshops. This would allow for a more valid evaluation of the effects of the suggested procedure.
The next developmental steps will concern the integration of the proposed risk communication procedure into the KULTURisk risk assessment framework and methodology, which is currently under development. Specifically, the inclusion of a (semi) quantitative estimation of risk perception is foreseen as an indicator of adaptive capacity: to be integrated with both physical and environmental information and socioeconomic evaluation into a Multi Criteria Decision Analysis (MCDA)-based risk assessment methodology.
